Green tea processed from Camellia sinensis leaves is a common beverage with enormous medicinal importance. The accumulating evidences derived from in vitro, animal studies and human trials say loud for its diverse therapeutic potentials. The polyphenol rich tea extract has been validated to offer benefits as cancer prevention, amelioration of diabetes side-effects, cardiovascular safety, cognitive boost, promotion of weight loss, skin care, allergy suppression, protection from osteoarthritis, prebiotics etc. The flavanols, epigallocatechin gallate (EGCG) and epigallocatechin (EGC) have been identified to confer most of the biological effects. This review has been composed to keep track of the recent breakthroughs in this rapidly evolving area of dietary supplements. Mechanisms of functionality have been mentioned where ever deemed essential.
Introduction
Tea (Camellia sinensis) is one of the most common, globally consumed beverages. However, green tea is more than just a brew; it's a potion with a cocktail of biologically active phytochemicals. Its unparalleled healthy properties arise from the fact that the leaves undergo minimal oxidative processing. The outstanding reputation of green tea as a dietary supplement against an army of nagging diseases is well-evidenced. Its therapeutic value has been validated against cancer, inflammation, diabetes, obesity, neural damage, cardiac ailments, auto-immune diseases, microbial pathogens and osteoarthritis (Fig. 1) . Asian pharmacopeia regards it very highly for its multitude of healthy attributes. In traditional Chinese and Indian medicine, practitioners used green tea as a stimulant, diuretic and astringent. In Japan, it is hailed as the undisputed cause of health and longevity. Currently, a range of food articles fortified with green tea are consumed viz. ice creams, pastry, waffle, cake, chocolate, noodles etc. The importance of green tea has clearly crossed continental barrier, evident from the ample dietary supplements hoarded in Western pharmaceutical stores.
A rich reserve of flavonoids, with the predominance of caffeine and catechin (epigallocatechin-3-gallate (EGCG) and epigallocatechin (EGC)) makes green tea a sort of panacea. EGCG is discovered to be the key bioactive for health restoration. Epidemiological data corroborate the claims that it is instrumental in management of a host of diseases by nutritional intervention. Instances of synthetic drugs causing deadly side effects have pushed the consumers towards natural products, including green tea. Here, efforts have been made to summarize the recent promising outcomes and mechanisms of biological actions.
Therapeutic Attributes
Green tea confers a wide array of health benefits. The favourable effects and the mechanisms governing them have been presented in Table 1 . of the CAL-27 cells. The antiproliferation mechanism was mediated through MAPK signalling. Lemarie et al. (2012) determined whether a tumour-targeted vesicular formulation of EGCG would suppress the growth of A431 epidermoid carcinoma and B16 − F10 melanoma in vitro and in vivo.
Transferrin-bearing vesicles encapsulating EGCG were administered intravenously to the cancerous mice. The administration resulted in about 40% of the tumour shrinkage. Animal survival was improved by more than 20 days compared to the controls. Hu et al. (2013) observed that rats with colon cancer fed the combination diet containing 0.5% green tea extract and 1ppm selenium show marked reduction of DNMT1 expression and induction of histone H3 acetylation. The combination diet also significantly reduced β-catenin nuclear translocation, Cyclin D1 expression and cell proliferation. The preventive effect is traced down to the regulation of genetic and epigenetic biomarkers. Braicu et al. (2013) evaluated the cell proliferation and relative gene expression of VEGF in Hs578T human breast cancer cell line at 24, 48 and 72 h after 10 microM of EGCG treatment. Findings showed that EGCG suppresses the growth, migration and invasion of the cancer cells by inhibiting VEGF expression. Ogawa et al. (2012) examined the effects of EGCG on the inhibition of Indoleamine 2, 3-dioxygenase (tryptophan catabolic enzyme that enables tumor cells to evade immunity defense) expression induced by IFN-γ in human colorectal HT29 and SW837 cancer cells. IFN-γ increased the expression levels of the dioxygenase protein and mRNA in the cell lines. The treatment of SW837 cells with EGCG significantly decreased IFN-γ-induced expression of dioxygenase protein and mRNA in a dose-dependent manner. Reporter assays indicated that EGCG may exert antitumor effects on the cancer cell lines by inhibiting the expression and function of Indoleamine 2,3-dioxygenase through the suppression of STAT1 activation. These encouraging results kindle hope for cancer patients, but summons for further probing in order to exploit the full potential. Desjardins and Grenier (2012) evaluated the role of EGCG in moderating nicotine-induced toxic and inflammatory responses in oral epithelial cells and gingival fibroblasts. 2012). Oxaliplatin, an anticancer drug causes peripheral neurotoxicity characterized by numbness, tightness, tingling or burning. Lee et al. (2012) evaluated the potential of green tea in imparting relief against this toxicity. Oxaliplatin (4 mg/kg) was administered intraperitoneally twice a week for 6 weeks with green tea at a daily oral dose of 300 mg/ kg. Results showed the side effects-annulling potency of the extract. Crew et al. (2012) investigated the benefits of green tea extract consumption on stage I to III hormone receptornegative breast cancer. In the randomized test, polyphenon E (brand name for the most purified form of green tea extract) was administered twice a day for 6 months. The maximum tolerated dose of the extract for eliciting anti-proliferation was found to be 600 mg twice daily. Alteration of Glutathione S-transferase P (GSTP1) activity leads to elevated levels of oxidative DNA damage marker and heightens the risk of prostate cancer. Silencing the gene using siRNA approach in normal human prostate epithelial RWPE1 cells caused increased intracellular production of reactive oxygen species (ROS) and higher susceptibility of cells to H 2 O 2 -mediated oxidative stress. Exposure of the cancer cells to green tea polyphenols caused re-expression of GSTP1, which shielded the cells from the induced-DNA damage through decreased ROS production (Kanwal et al., 2012) (Fig 2) . Excess oestrogen stimulation calls for endometrial cancer threats. Park et al. (2012) investigated the potential of EGCG for possible anti-proliferative action on endometrial cancer. MTT assay was followed by flow cytometry and real-time analysis of cyclin and cdk genes. The results showed decreased oestrogen and progesterone receptor expression. Cell arrest at G0/ G1 phase occurred. It was inferred that EGCG interferes with Akt activation and MAPK signals, thus increasing apoptosis signals. Hsu et al. (2012) evaluated the role of adult diet comprising of green tea, on nasopharyngeal carcinoma risk in Taiwan. Statistical analysis of the interview data revealed the inverse relation between consumption of green tea and cancer menace. Davalli et al. (2012) reviewed the role of green tea polyphenols in management of prostate cancer at early stage. Key role in delaying the neoplasia and improvement in the quality of life of the patients was reported. Gefitinib, a tyrosine kinase inhibitor has been reported to reduce the metastasis of oral cancer. Chang et al. (2012) investigated the synergistic effects of a combined treatment of gefitinib and EGCG in oral squamous CAL-27 cells in vitro to understand the mechanism of suppression of cell migration and invasion. The concerted action attenuated the enzymatic activity and the protein expression of MMP-2 in the cancer cells. Also, the protein expression of p-EGFR and the phosphorylated protein levels of ERK, JNK, p38 and AKT were suppressed, leading to the inhibition of metastasis Green tea polyphenols Decreased ROS production Protection from DNA damage
Anti-inflammation

Re-expression of glutathione S-transferase P (GSTP1) activity
Reduced cancer risk per day in the drinking water, urinary albumin excretion and plasma creatinine concentrations in all the diabetic treatment groups were found reduced. Lipid peroxidation, concentration of alanine transferase enzyme and expression of fibronectin were lower in all the treatment groups compared to the control diabetic group. Concentrations of free thiols were higher in the catechin-treated group implying renoprotective aspect. Babu et al. (2012) studied both in vivo and in vitro vascular inflammation-reducing potency of EGCG in diabetes. Human aortic endothelial cells treated with the catechins prior to the addition of glucose showed inhibition towards induced adhesion of monocytes. Also, in diabetic db/db mice, EGCG supplementation greatly suppressed monocytes adhesion to the endothelial cells. Also, the treatment reduced the nuclear translocation of NF-κB p65 in aortic vessels and decreased blood pressure and serum concentrations of cholesterol, indicating protective effect against vascular inflammation. Stote et al. (2012) employed a randomized, crossover design to study the effect of green tea flavanols in modulating the biomarkers of oxidative stress. Short-term intake of the flavanols did not improve glucose metabolism, yet affected selected markers of inflammation or haemostasis in obese adults at risk for insulin resistance. The effect of long term consumption must be studied for possible alleviation of the perils of diabetes. Rehman et al. (2013) investigated whether the stimulation of mitochondrial biogenesis plays a role in green tea polyphenol protection against cyclosporine A renal toxicity in rats. When fed with diet at a dose of 0.1% starting 3 days prior to the drug treatment, it showed therapeutic effect. Green tea polyphenols alone and following cyclosporine A increased AS-β, ND3, COX-IV, mtDNA copy number, PGC-1α mRNA and protein, decreased acetylated PGC-1α, and increased Tfam mRNA and protein, markedly attenuated cyclosporine A -induced renal injury and improved its function.
Neuroprotection
Preconditioning neuronal cells against ischemia-induced cell death was hypothesized as a protective measure. Green tea polyphenol was evaluated for possible its role in stimulating the preconditioning. EGCG bound to laminin receptor Pretreatment of cells with EGCG prevented cytokine secretion from the cells which suggested that smoking-related periodontitis can be suppressed. Li et al. (2012) examined the effect of EGCG on LPS-induced expression of the inflammatory cytokines in human cerebral microvascular endothelial cells and blood-brain barrier permeability. The polyphenol significantly suppressed the expression of IL-1β and TNF-α in the endothelial cells and inhibited the expression of chemo-attractant protein MCP-1/CCL2, and cell adhesion moleculesVCAM-1 and ICAM-1. Further, it induced the expression of tight junction proteins, occludin and claudin-5 in the endothelial cells revealing the antiinflammatory effect of EGCG (Fig 3) . Chatterjee et al. (2012) evaluated the anti-inflammatory effects of water extracts of green tea by incubating egg albumin with it. A concentrationdependent inhibition of protein denaturation was observed. The cause was inferred to be due to ample flavonoid content in the green tea. Narotzki et al. (2012) studied the interaction between green tea or EGCG and oral peroxidases, the enzymes known to safeguard oral health. Regular green tea drinkers have higher level of oral peroxidase activity compared to non-drinkers. An in vitro test revealed that the addition of green tea or EGCG to saliva resulted in a sharp rise of oral peroxidase activity. The result reasons that oral epithelia of tea consumers are better protected against the harmful effects of hydroxyl radicals. Yokozawa et al. (2012) suggested that EGCG has a beneficial effect on oxidative stress-caused kidney malfunction. Bazi et al. (2012) investigated the effect of intraperitoneal administration of EGCG on rat bladder, subjected to water avoidance stress. At a dose of 1 mg/ kg, EGCG demonstrated protective effect on the bladder mucosa, as the inflammation score, total and degranulated mast cell counts were significantly lower than that of control rats. Oz et al. (2013) administered green tea polyphenols (GrTP, EGCG) combined with drug sulfasalazine (which when given alone elicits adverse effects) to dextran sodium sulfate-treated inflammatory bowel disease mice models. The animals tolerated the combined regimen with no major side effects and significant improved symptoms of enterocolitis. Also, synergistic amelioration of colonic damage was observed. EGCG additionally reduced leptin levels. The treatment regimens significantly restored the depleted hepatic and colonic antioxidants levels.
Diabetes Control and Renal Protection
Diabetes mellitus has many incapacitating side effects including diabetic nephropathy, a complication leading to endstage renal disease. Chennasamudram et al. (2012) studied the effect of catechin on streptozotocin-induced diabetic rats. After 12 weeks of prescribing catechin at a dose of 35 mg 
Suppress the expression of IL-1β and TNF-α
Anti-inflammatory effect on endothelial cells memory impairments, human-type Aβ deposits and oxidative damage in the brain were fed with a blend of green tea extract with EGCG, turmeric, black pepper, N-acetyl cysteine and R-alpha lipoic acid. After 3 months of treatment, dogs receiving the cocktail had significantly lower error scores and better spatial attention. Zhang et al. (2013) conducted a double-blind, randomized placebo-controlled study to determine whether regular intake of green tea reduces the prevalence of depressive symptoms. Oral administration of the tea for 5 weeks was followed by monetary incentive delay task (for reward learning), and Montgomery-Asberg depression and 17-item Hamilton rating scale (for depression) test. The results showed that the chronic treatment of green tea increases reward learning by decreasing the reaction time, also decreases depressive symptoms.
Cardioprotection
Several findings on cardioprotective role of green tea have accumulated in recent times. Feng et al. (2012) studied the therapeutic role of green tea in boosting heart muscle contraction. Even nanomolar concentrations of EGCG could significantly enhance the contractility of intact murine myocytes by increasing electrically-evoked Ca 2+ transients, sarcoplasmic reticulum Ca 2+ content and ryanodine receptor type 2 channel open probability. Dyslipidemia leads to risks of heart attacks. Bornhoeft et al. (2012) studied the role of green tea polyphenols in imparting antioxidative and anti-inflammatory properties for a healthy heart. Green tea extract (Polyphe-non®) E) when fortified at a dose of 0.2% in the diet reduced cardiovascular risk factors, including high blood cholesterol, inflammation, adiposity and oxidative stress in rats fed on high-fat diet and dextran sodium sulphate. The increased serum total cholesterol, low-density lipoprotein (LDL, Creactive proteins and markers of liver toxicity and decreased high-density lipoprotein (HDL) caused by the diet were reversed and normal condition was restored. Sasaki et al. (2012) studied the effect of green tea catechins on the contraction of heart muscle. The sample from guinea pig loaded with fura-2/AM, EGCG and ECG increased the force of contraction in a dose-dependent manner which is attributed to the increase in amplitude of [Ca 2+ ] i . Ihm et al. (2012) investigated whether decaffeinated-green tea extract can reduce the formation of reduced vascular ROS and NADPH oxidase activity in with high affinity, caused increased generation of ROS via activation of NADPH oxidase. ROS induced an activation and translocation of protein kinase C, particularly PKCε from the cytosol to the membrane/mitochondria which promoted preconditioning (Gundimeda et al., 2012) . Wu et al. (2012a) examined the effects of green tea extract and EGCG in cerebral ischemic rats. When administered 1 h prior to middle cerebral artery ligation in rats, the tea extract/EGCG along with the drug pentoxifylline significantly improved ishemic-induced memory impairment. Malondialdehyde (MDA) levels were decreased, whereas glutathione (GSH) and superoxide dismutase (SOD) activity in the cerebral cortex and hippocampus were increased by long-term treatment with the tea. EGCG inhibited LPS-induced nitric oxide production and reduced cyclooxygenase-2 and inducible nitric oxide synthase expression in BV-2 microglia cells. Green tea extract and EGCG certainly mended learning and memory deficits in a cerebral ischemia animal model (Fig 4) . Amyloid β-protein (Aβ) is the key mediator of Alzheimer's disease and search for inhibitors or modulators to cure this disease are constantly on. Sinha et al. (2012) compared the activity of EGCG and the Lys-specific molecular tweezer CLR01 in inhibition of Aβ aggregation and resultant pathological conditions. EGCG and CLR01 had comparable activity, however mechanism of action varied. CLR01 bound to the two Lys and single Arg residues in Aβ monomers; but, only a weak, nonspecific binding was detected for EGCG. Wang et al. (2012) hypothesized that EGCG may be used for the prevention and treatment of various neurodegenerative diseases. Experimental data conveyed that EGCG enhances adult hippocampal neurogenesis, springing possibility of its exploitation in augmentation of learning and memory. Familial dysautonomia or Riley-Day syndrome is an autosomal recessive disease affecting neurons. The impact of green tea extract during the surgery period of patients going for adenoidectomy holds significance. Cook-Sather et al. (2012) reported that the tea extract could increase the cellular concentration of pharmacologically important enzyme, monoamine oxidase. Nath et al. (2012) evaluated the therapeutic effect of epicatechin and EGCG in tempering neurological complications resulted by HIV. Both the flavonoids could normalize Tat-mediated increases in proapoptotic pro brainderived neurotrophic factor and Tat-mediated decreases in the mature brain-derived neurotrophic factor protein in hippocampal neurons. Simpler structure and superior bloodbrain barrier penetration properties projected epicatechin as the most suitable therapeutic candidate for neurodegenerative diseases including HIV-associated neurocognitive disorders. Head et al. (2012) investigated the effect of a green tea based-cocktail on neural health. Aged dogs with learning and Fig. 4 . Neuro-stimulating effect.
Administration of EGCG with pentoxifylline
Decrease in NO and COX-2 production Boost learning and memory Decrease in MDA and increase in GSH, SOD activity beverage containing caffeine and green tea catechins in combination with soluble fiber decrease the craving for food and energy intake relative to a beverage with equal caloric content. Satiating power and weight loss potential of green tea was confirmed.
Antimicrobial/Skin Care Subramaniam et al. (2012) determined the in vitro effect of aqueous, methanol and ethanol extracts of green tea on the growth of Streptococcus mutans. Agar plate assay followed by statistical analysis revealed the inhibitory role of green tea as shown by the zone of MIC. Fukazawa et al. (2012) developed a cell-based, microplate colorimetric screen for antihepatitis C virus (HCV) drugs. The anti-HCV property of the plant flavonoid EGCG was observed which was found to block the HCV entry. Sharma et al. (2012) studied the effects of aqueous green tea leaf extract on skin pathogens, namely, Staphylococcus epidermidis, Micrococcus luteus, Brevibacterium linens, Pseudomonas fluorescens and Bacillus subtilis. Results of the disc diffusion assay showed selective toxicity of the aqueous extract towards the pathogens up to a concentration of 500 μg/mL and inhibition of their adhesion to Vero cells at at MIC values. Vodnar (2012) studied the incorporation of green tea extracts in chitosan-coated films and its inhibitory impact on pathogen Listeria monocytogenes. The 4% green tea extract demonstrated the best result. Antimicrobial packaging films can be developed using tea extracts to improve the microbiological safety and quality of ham steak during room and refrigerated storage. Kim et al. (2012) tested the therapeutic potential of green tea on atopic dermatitis using a Malassezia multiplex detection kit for three times per week for a period of 4 week. After the treatment, all the patients showed marked improvement on the mean SCORAD and significant decrease in the mean values of serum eosinophil counts. Bath therapy with green tea extract seems to be an effective, safe, and non-steroidal treatment of patients with atopic dermatitis associated with Malassezia sympodialis. Oyetakinawhite et al. (2012) reviewed the importance of green tea polyphenols in warding off the adverse effects of environmental, chemical and genotoxic agents on skin health. It is emphasized that the polyphenols endowed with antioxidant, chemopreventive, and immunomodulatory effects can keep the skin health intact. Reygaert and Jusufi (2013) reported that EGC has antimicrobial effects on E. coli strains isolated from urinary tract infections. Mankovskaia et al. (2013) compared the Streptococcus mutans inhibitory activity of EGCG and antimicrobial agent chlorhexidine (both incorporated into dental resins). Both the impregnated-resins showed significant inhibition of bacterial growth at the concentrations tested. EGCG at 1 × MIC significantly reduced S. metabolic syndrome rat models. It stimulated phosphorylation of eNOS and Akt in the aorta, ameliorated endothelial dysfunction and eventually lowered blood pressure. Hirsova et al. (2012) investigated the effect of EGCG on liver cholesterol metabolism in ethinylestradiol-treated rats. The flavonoid treatment reduced plasma total cholesterol and very low density lipoprotein cholesterol. Also, it attenuated the increase in liver cholesterol and liver weight. Furthermore, EGCG blunted induction of acyl-CoA:cholesterol acyltransferase and raised the reduced levels of ATP-binding cassette transporter G5 and G8 and 3-hydroxy-3-methyl-glutaryl-CoA reductase. Kim et al. (2013) reported that EGCG regulates ectopic lipid accumulation through a facilitated autophagic flux. Co-localization of lipid droplets with LC3 (protein light chain 3) and lysosome was dramatically increased when the cells were treated with EGCG and palmitate compared to the cells treated with palmitate alone. This mechanism was elucidated to be responsible for cardioprotection. Hasumura et al. (2012) studied the effect of green tea extract in reducing the body fat and the risk of obesityrelated diseases on zebra fish model. Decline in adiposity is assumed to be due to alteration in the expression of lipid catabolism genes, increase in hepatic expression of these genes and decrease in suppressor of cytokine signalling 3b. The pi-class glutathione S-transferase offers defense against carcinogens and electrophilic compounds. Promoter hypermethylation compromises the activity and onset of human prostate cancer occurs. Silencing of GSTP1 can increase generation of reactive oxygen species (ROS) and DNA damage in cells. Bogdanski et al. (2012) evaluated the biological effect of supplementation with green tea in hypertensive patients by a double-blind, placebo-controlled trial. After 3 months of supplementation, both systolic and diastolic blood pressures had significantly decreased. The supplementation also contributed to significant decreases in the total and LDL cholesterol and triglycerides, but an increase in HDL cholesterol. Daily intake of 379 mg green tea extract favourably influences blood pressure and lipid profile in patients with obesity-related hypertension. Lu et al. (2012) studied the effect of green tea on the genes involved in obesity. Supplementation of the test rats with tea in the drinking water reduced body weight as compared to the high-fat diet-fed rats. PCR analysis of RNA from liver samples threw light on gene expression. Regulatory actions on the obesity-related genes, anti-inflammation and anti-oxidant capacities were observed. Cha et al. (2012) found EGCG to be the most potent lipase inhibitor among purified major polyphenols during simulated digestion. Carter and Drewnowski (2012) reported that, a tive effects of commonly consumed polyphenols, including curcumin, EGCG and green tea extract, resveratrol, nobiletin and citrus fruits, pomegranate, as well as genistein and soy protein on osteoarthritis.
Management of Obesity and Its Complications
Conclusion
Unlike other herbal medicines, there is no cautionary tales concerning green tea consumption. Experts universally advocate its therapeutic efficacy and the evidences vouch for it. The goodness of green tea must be harnessed in the war against wide range of health problems and for bolstering health. If not as the sole therapeutic measure, its incorporation in combinatorial treatment as adjunct medication should be followed. Many obscure mechanisms of biological actions still require being resolved for broader use in clinical regimen. Health claims like mood relaxant, promoter of teeth and gum health, digestive aid must be verified. Long-term follow-ups on human trials will shed light on the precise salutary effects. This review is expected to kindle further research and encourage its incorporation for dietary intervention. mutans survival at a level similar to chlorhexidine.
Immunity and Genetic Modulation
The autoimmune disorder, primary Sjogren's syndrome is associated with xerostomia (dry mouth) and xerophthalmia (dry eye). Genetic/epigenetic and environmental factors are causative factors of the malady. Ohno et al. (2012) studied the effect of EGCG in reducing stress on DNA, as a preventive strategy against the syndrome. EGCG consumption normalizes the expression of proliferating cell nuclear antigen and PRDX6 antioxidant enzyme biomarkers in BALB/c mice model. Wu et al. (2012b) reported that green tea extract and EGCG have immunoregulatory effects on human IgE responses as studied on human peripheral blood mononuclear cells in vitro. Green tea may be used to decrease the attacks of allergic asthma.
Prebiotic Potential
When rats were fed with selenium-containing green tea extract for 6 days, it caused significant increase in caecal counts of lactobacilli and bifidobacteria while decreasing the counts of bacteroides and clostridial bacteria. The prebiotic activity was attributed to the selenium content of the extract (Molan et al., 2009 ). Vodnar and Socaciu (2012) observed the effect of green tea on survival of probiotic bacteria Bifidobacterium infantis and Bifidobacterium breve. Results showed that 5% and 10% green tea co-encapsulated with B. infantis or B. breve exert a protective effect on bacteria. The polyphenols in the tea are presumed to be the factors shielding the probiotics against gastrointestinal conditions and refrigeration. Axling et al. (2012) observed that C57BL/6J mice fed with Lactobacillus plantarum and green tea group had significantly more Lactobacillus and higher diversity of bacteria in the intestine compared to control group. Fig 5  shows the prebiotic benefits offered by green tea. Shen et al. (2012a) investigated the effects of polyphenols on body composition and bone properties in obese female Sprague Dawley rats. The murine models were fed with high-fat diet for 4 months, followed by green tea poyphenol along with high-fat diet for another 4 months. The supplementation increased the bone mineral density among other beneficial effects. Augmentation of antioxidant capacity and suppression of inflammation was found to confer the health benefits. Osteoarthritis is an inflammatory condition affecting articular cartilage and subchondral bone of synovial joints, resulting in overall mobility. Dietary polyphenols are expected to mitigate osteoarthritis-related musculoskeletal inflammation. Also, Shen et al. (2012b) reviewed the cura- 
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